(19) 



Europaisches Paten tarn t 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP1 079 828 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
' of the grant of the patent: 
17.09.2003 Bulletin 2003/38 

(21) Application number. 99948542.8 

(22) Date of filing:-28.04.1999 



(51) Intel.?: A61K 31/40, A61K 31/44, 
A61P 25/28 

(86) International application number: 
PCT/SE99/00700 

(87) International-publication number: 

WO 99/056745 (11.11.1 999 Gazette 1 999/45) 



QQ 

00 
CM 
00 

o> 
o 



CL 
LU 



(54) Compositions comprising 5-hydroxyindole as a modulator of a nicotinic receptor 

Zusammensetzungen enhaltende 5-hydroxyindol als Modulator eines nikotinischen Rezeptors 
Compositions comprenant du 5-hydroxyindole comme modulateur d'un recepteur nicotinique 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
LT LV MK RO SI 

(30) Priority: 04.05.1998 US 71826 

(43) Date of publication of application: 
07.03.2001 Bulletin 2001/10 



(73) Proprietor: AstraZeneca AB 
151 85 Sodertalje (SE) 

(72) Inventors: 

♦ GURLEY, David, AstraZeneca R&D Boston 
Worcester, MA 01605 (US) 

• LANTHORN, Thomas, AstraZeneca R&D Boston 
Worcester, MA 01605 (US) 

(56) References cited: 
WO-A1 -94/1 8974 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP 1 079 828 B1 



2 



Description 
TECHNICAL FIELD 

[0001] The present invention relates to pharmaceuti- 
cal compositions comprising a positive modulator of a 
nicotinic receptor agonist, said positive modulator hav- 
ing the capability to increase the efficacy of the said nic- 
otinic receptor agonist. 

BACKGROUND ART 

[0002] Cholinergic receptors normally bind the en- 
dogenous neurotransmitter acetylcholine (ACh), there- 
by triggering the opening of ion channels. ACh receptors 
in the mammalian central nervous system can be divid- 
ed into muscarinic (mAChR) and nicotinic (nAChR) sub- 
types based on the agonist activities of muscarine and 
nicotine, respectively. The nicotinic acetylcholine recep- 
tors are ligand-gated ion-channels containing five sub- 
units (for reviews, see Colquhon et at. (1997) Advances 
in Pharmacology 39, 191-220; Williams et al. (1994) 
Drug News & Perspectives 7,205-223; Doherty et al. 
(1995) Annual reports in Medicinal Chemistry 30, 
41-50). Members of the nAChR gene family have been 
divided into two groups based on their sequences; 
members of one group are considered p subunits, while 
a second group are classified as a subunits (for reviews, 
see Karlin & Akabas (1995) Neuron 15, 1231 -1244; Sar- 
gent (1993) Annu. Rev. Neurosci. 16, 403-443). Three 
of the a subunits, a7, a8 and oc9, form functional recep- 
tors when expressed alone and thus presumably form 
homooligomeric receptors. 

[0003] An allosteric transition state model of the 
nAChR involves at least a resting state, an activated 
state and a "desensitized" closed channel state (Wil- 
liams et al., supra; Karlin & Akabas, supra). Different 
"nAChR ligands can thus differentially stabilize the con- 
formational state to which they preferentially bind. For 
example, the agonists ACh and (-)-nicotine stabilize the 
active and desensitized states. 

[0004] Changes of the activity of nicotinic receptors 
has been implicated in a number of diseases. Some of 
these, e.g. myasthenia gravis and ADNFLE (autosomal 
dominant nocturnal front lobe epilepsy) (Kuryatov et al. 
(1997) J. Neurosci. 1 7(23):9035-47), are associated 
with reductions in the activity of nicotinic transmission 
either through a decrease in receptor number or in- 
creased desensitization, a process by which receptors 
become insensitive to the agonist. Reductions in nico- 
tinic receptors have also been hypothesized to mediate 
cognitive deficits seen in diseases such as Alzheimer's 
disease and schizophrenia (Williams et al., supra). The 
effects of nicotine from tobacco are also mediated by 
nicotinic receptors. Increased activity of nicotinic recep- 
tors may reduce the desire to smoke. 
[0005] The use of compounds which bind nicotinic 
acetylcholine receptors in the treatment of a range of 



disorders involving reduced cholinergic function such as 
Alzheimer's disease, cognitive or attention disorders, at- 
tention deficit hyperactivity disorders, anxiety, depres- 
sion, smoking cessation, neuroprotection, schizophre- 

5 nia, analgesia, Tourette's syndrome, and Parkinson's 
disease has been discussed in McDonald et al. (1995) 
"Nicotinic Acetylcholine Receptors: Molecular Biology, 
Chemistry and Pharmacology", Chapter 5 in Annual Re- 
ports in Medicinal Chemistry, vol. 30, pp. 41-50, Aca- 

10 demic Press Inc., San Diego, CA; and in Williams et al. 
(1994) "Neuronal Nicotinic Acetylcholine Receptors," 
Drug News & Perspectives,. vol. 7, pp. 205-223. 
[0006] However, treatment with nicotinic receptor ag- 
onists which act at the same site as ACh is problematic 

15 because ACh not only activates, but also blocks recep- 
tor activity through processes which include desensiti- 
zation (for a review, see Ochoa et al. (1 989) Cellular and 
Molecular Neurobiology 9, 141-178) and uncompetitive 
blockade (open-channel block) (Forman & Miller (1988) 

20 Biophysical Journal 54(1):149-58). Furthermore, pro- 
longed activation appears to induce a long-lasting inac- 
tivation. Therefore agonists of ACh can be expected to 
reduce activity as well as enhance it. At nicotinic recep- 
tors in general, and, of particular note, atthea7-nicotinic 

25 receptor, desensitization limits the duration of current 
during agonist application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 [0007] 

Fig. 1 

Model of current traces elicited by agonist, repre- 
senting determination of increase in agonist effica- 
35 cy by determination of current amplitude. Bars de- 
note duration of application of compounds. 

Fig. 2 

Model of current traces elicited by agonist, repre- 
40 senting determination of increase in agonist effica- 
cy by determination of "area under the curve". Arrow 
indicates overlay of ACh current and ACh+modula- 
tor current. Bars denote duration of application of 
compounds. 

45 

Fig. 3 

Effect of 5-hydroxyindole on ACh activity on the 
a7-nicotinic receptor. The current value of 100% is 
the extrapolated maximum from the ACh curve. 
so (.) ACh 

(O) ACh + 0.5 mM 5-hydroxyindole 

Fig. 4 

Effect of 5-hydroxyindole on ACh activity on the 
55 a7-nicotinic receptor (human, rat and chick) ex- 
pressed in Xenopus oocytes. 

Fig. 5 
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Effect of 5-hydroxyindole on ACh (open staples) 
and (-)-Spiro[1 -Azabicyclo[2.2.2.)Octane-3,5*-Ox- 
azolidine]-2 w -One (filled staples) activity on the 
a7-nicotinic receptor expressed in Xenopus 
oocytes. 

Fig. 6 

Effect of nAChR a7 modulator on agonist activity as 
measured by Ca 2+ flux through nAChR a7 ex- 
pressed in H EK-293 cells. The agonist is represent- 
ed by (-)-Spiro[1-Azabicyclo[2.2.2.]Octane-3,5*- 
Oxazolidine]-2!-One. 

DISCLOSURE OF THE INVENTION 

[0008] It has surprisingly been found that 5-hydrox- 
yindole (5-OHi) can enhance the efficacy of agonists at 
nicotinic receptors. This increase in efficacy can be 
greater than 2-fold. It is believed that compounds having 
this type of action (hereinafter referred to as "positive 
modulators") will be particularly useful for treatment of 
conditions associated with reductions in nicotinic trans- 
mission. In a therapeutic setting such compounds could 
restore normal interneuronal communication without af- 
fecting the temporal profile of activation. In addition, - 
they would not produce long-term inactivation as pro- 
longed application of agonist may. 
[0009] The presence of this efficacy enhancing activ- 
ity could not be predicted by the prior art. Albuquerque 
et al. have reported on another allosteric site on nicotinic 
receptors, which they call a "noncompetitive agonist" 
site. Compounds acting at this site are also called "al- 
losterically potentiating ligands" (APL's). Compounds 
which appear to act at this site include several 
cholinesterase inhibitors, codeine, and 5-HT. It has been 
stated that activity via this noncompetitive agonist site 
-does not affect the level of maximum response to ACh; 
' it shifts the dose-response curve to the left" (Maelicke 
& Albuquerque (1996) DDT, vol. 1, 53-59). In specific 
distinction, compounds acting at the discovered site in- 
crease the maximum response to ACh (its efficacy). 
[0010] Another distinction between APL's and the 
present invention is the effect the modulators have on 
total current (as measured by area under the curve) in 
the presence of a saturating concentration of agonist. 
APL's have little to no effect on area under the curve on 
nAChR a7 expressed in oocytes; 8-10% increases in 
area under the curve for a 1 second agonist application 
have been observed. In contrast, 5-OHi causes a robust 
increase in area under the curve (-400% increase) un- 
der the same conditions (see Fig. 4, top trace). 
[0011] Specificity of the effect within the nicotinic re- 
ceptor family is yet another distinguishing characteristic 
between APL's and the invention. APL's exert their pos- 
itive modulatory effect on all nicotinic receptors tested, 
including muscle type (a105e). 

[0012] At some non-nicotinic receptors, compounds 
have been found which can decrease receptor desen- 



sitization. At AMPA-type excitatory amino acid recep- 
tors, compounds such as cyclothiazide, some lectins 
like wheat-germ agglutinin, piracetam-like nootropics, 
and AMPAkines have been shown to decrease desen- 
5 sitization (Partin et al. (1993) Neuron 11, 1069-1082). 
Glycine has been reported to reduce desensitization of 
NMDA-type excitatory amino acid receptors (Mayer et 
al. (1989) Nature 338, 425-427). However, compounds 
which decrease desensitization on one receptor group 
io have been found, in general, not to have the same affect 
on other receptor groups. For instance cyclothiazide has 
little or no effect on the NMDA and KA subtypes of gluta- 
mate receptors (Partin et al. (1993) Neuron 11, 
1069-1082); moreover cyclothiazide is found to block 
15 5-HT 3 receptors (D.A. Gurley, unpublished results). Gly- 
cine has no effect on 5-HT 3 receptors (Gurley and Lan- 
thorn, (in press) Neurosci. Lett.). 
[0013] The site was discovered using a compound 
(5-OHi) which is known to decrease desensitization at 
20 the 5-HT 3 receptor (Kooyman. A.R. et al. (1 993) British 
Journal of Pharmacology 108, 287-289). However, only 
one other compound which produces or increases ac- 
tivity at the 5-HT3 receptor, 5-HT itself, has been report- 
ed to increase activity at nicotinic receptors (Schratten- 
25 holz et al. (1996) Molecular Pharmacology 49, 1-6) al- 
though this activity has never been reported in Xenopus 
oocytes. Most agonists at the 5-HT 3 receptor have no 
activity or are antagonists at nicotinic receptors (unpub- 
lished results). In addition, the present inventors have 
30 been unable to reproduce the finding that 5-HT increas- 
es activity at a nicotinic receptor. Therefore the enhanc- 
ing effect of 5-OHi at nicotinic receptors could not have 
been predicted. 

[0014] Consequently, the present invention provides 

35 in a first aspect a pharmaceutical composition compris- 
ing a positive modulator of a nicotinic receptor agonist 
together with a pharmaceutical^ acceptable carrier, 
wherein said positive modulator is 5-hydroxyindole. 
[0015] It will be understood that the invention includes 

40 compositions comprising either 5-hydroxyindole as the 
only active substance, thus modulating the activity of en- 
dogenous nicotinic receptor agonists, or 5-hydroxyin- 
dole in combination with a nicotinic receptor agonist. 
Thus, the said pharmaceutical compositions containing 

45 a positive modulator of a nicotinic receptor agonist may, 
in addition comprise a nicotinic receptor agonist. 
[0016] In another preferred form of the invention, the 
said nicotinic receptor agonist is an ot7-nicotinic recep- 
tor agonist. Example of an a7-nicotinic receptor agonist 

so is (-)-Spiro[1-Azabicyclo[2.2.2.)Octane-3,5*-Oxazolid- 
ine]-2*-One. Several a7-nicotinic receptor agonists are 
known in the art, e.g. from WO 96/06098, WO 97/30998 
and WO 99/03859. 

[0017] A further aspect of the invention is the use of 
55 a pharmaceutical composition according to the inven- 
tion in the manufacture of a medicament for the treat- 
ment or prophylaxis of a condition associated with re- 
duced nicotinic receptor transmission or a condition as- 
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sociated with reduced nicotinic density which could be 
one of the below mentioned diseases or conditions 
which comprises administering a therapeutically effec- 
tive amount of compounds according to the invention to 
a patient. 

[001 8] It will be understood that the use includes com- 
positions comprising either 5-hydroxyindole as the only 
active substance, thus modulating the activity of endog- 
enous nicotinic receptor agonists, or 5-hydroxyindole in 
combination with a nicotinic receptor agonist. Thus, the 
said use of pharmaceutical compositions containing 
5-hydroxyindole of a nicotinic receptor agonist may, in 
addition comprise a nicotinic receptor agonist. 
[0019] In another preferred form of the invention, the 
use of the said nicotinic receptor agonist is represented 
by an a7-nicotinic receptor agonist. Example of an 
oc7-nicotinic receptor agonist is (-)-Spiro[1 -Azabicyclo 
[2.2.2.]Octane-3,5*-Oxazolidine]-2*-One. Several 
a7-nicotinic receptor agonists are known in the art, e.g. 
from WO 96/06098, WO 97/30998 and WO 99/03859. 
[0020] Examples of diseases or conditions include 
schizophrenia, mania and manic depression, anxiety, 
Alzheimer's disease, learning deficit, cognition deficit, 
attention deficit, memory loss, and Attention Deficit Hy- 
peractivity Disorder, Parkinson's disease, Huntington's 
disease, Tourette's syndrome, jetlag, and nicotine ad- 
diction (including that resulting from exposure to prod- 
ucts containing nicotine). 

[0021 ] It will be understood that the said positive mod- 
ulator can be administered either with the purpose of 
acting on endogenous nicotine receptor agonists, or in 
combination with an exogenous nicotinic receptor ago- 
nist. 

[0022] A further aspect of- the invention relates to a 
pharmaceutical composition for treating or preventing a 
condition or disorder as exemplified above arising from 
dysfunction of nicotinic acetylcholine receptor neuro- 
transmission in a mammal, preferably a human, compo- 
sitions comprising either said positive modulator as the 
only active substance, thus modulating the activity of en- 
dogenous nicotinic receptor agonists, or said positive 
modulator in combination with a nicotinic receptor ago- 
nist. Thus, the said use of pharmaceutical compositions 
containing said positive modulator of a nicotinic receptor 
agonist may, in addition comprise a nicotinic receptor 
agonist, effective in treating or preventing such disorder 
or condition and an inert pharmaceutically acceptable 
carrier. 

[0023] For the above-mentioned uses the dosage ad- 
ministered will, of course, vary with the composition em- 
ployed, the mode of administration and the treatment 
desired. However, in general, satisfactory results will be 
obtained when the active components are administered 
at a daily dosage of from 0.1 mg to 20 mg per kg of 
mammlian body weight, preferably given in divided dos- 
es 1 to 4 times a day or in sustained release form. For 
man, the total daily dose is in the range of from 5 mg to 
1 ,400 mg, more preferably from 1 0 mg to 1 00 mg, and 



unit dosage forms suitable for oral administration com- 
prise from 2 mg to 1 ,400 mg of the active components 
admixed with a solid or liquid pharmaceutical carrier or 
diluent. 

5 [0024] The compositions mentioned above, may be 
used on their own or in the form of appropriate medicinal 
preparations for enteral, parenteral, oral, rectal or nasal 
administration. 

[0025] Examples of suitable diluents and carriers are: 

10 

for tablets and dragees: lactose, starch, talc, stearic 
acid; for capsules: tartaric acid or lactose; 
for injectable solutions: water, alcohols, glycerin, 
vegetable oils; for suppositories: natural or hard- 
15 ened oils or waxes. 

[0026] There is also provided a process for the prep- 
aration of such a pharmaceutical composition which 
comprises mixing the ingredients simultaneously or se- 

20 quentially. 

[0027] In a further aspect, the invention provides a 
method for identifying a positive modulator of a nicotinic 
receptor agonist. Compounds are considered "positive 
modulators" if, in the presence of saturating concentra- 

25 tions of the nAChR a7 agonist ACh, current is elicited 
that exceeds 200% of control current (100% potentia- 
tion) when measured baseline to peak (see Experimen- 
tal Methods). Control current is defined as the current 
elicited by agonist in the absence of modulator. A satu- 

30 rating concentration of ACh is defined as 1 0-times the 
EC 50 for the specific nAChR a7 type used EC 50 is de- 
fined as the concentration which elicits a half-maximal 
response. EC 50 values for nAChR a7 subtypes typically 
range between 100-300 uJvl (Bertrandet al.-(1992) Neu- 

35 roscience Letters 146, 87-90; Peng et al. (1994) Molec- 
ular Pharmacology 45, 546-554). Further, compounds 
are considered "positive modulators" if, in the presence 
of saturating concentrations of agonist, total current 
through the receptor (flux) exceeds 200% of control cur- 

40 rent. One measure of total current is area under the 
curve (current trace) during an agonist application. 
[0028] Consequently, the method according to the in- 
vention for identifying a positive modulator of a nicotinic 
receptor agonist, can comprise the steps (a) expressing 

45 a nicotinic receptor on the surface of a cell; (b) contact- 
ing the said nicotinic receptor with a compound known 
to be a nicotinic receptor agonist and a compound to be 
tested for positive modulating activity; (c) determining 
whether the compound to be tested exhibits a positive 

50 modulation on the effect of the said nicotinic receptor 
agonist, resulting in current amplitude (measured base- 
line to peak) or total current (measured as area under 
the curve for the current trace) greater than 200% of 
control (100% potentiation). The cell could be a Xeno 

55 pus oocyte, HEK-293 cell or a cultured neuron. The nic- 
otinic receptor could be either a human, rat, chick, 
mouse or bovine nicotinic receptor. 
[0029] In a further aspect of the present invention re- 
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lated to the method for identifying a positive modulator 
of a nicotinic receptor agonist, the nicotinic receptor is 
an a7-nicotinic receptor. 

[0030] In yet a further aspect, the invention provides 
a method for identifying a compound which is a nicotinic 
receptor agonist, said method comprising the steps (a) 
expressing a nicotinic receptor on the surface of a cell; 
(b) contacting the said nicotinic receptor with a com- 
pound to be tested for nicotinic receptor agonist activity, 
in the presence of a positive modulator of a nicotinic re- 
ceptor agonist; and (c) determining whether the com- 
pound to be tested exhibits nicotinic receptor agonist ac- 
tivity. The cell could be a Xenopus oocyte, HEK-293 cell 
or a cultured neuron. The nicotinic receptor could be ei- 
ther a human, rat, ovine, murine or bovine nicotinic re- 
ceptor. It will be understood by the skilled person that 
"nicotinic receptor agonist activity" can be determined 
by methods known in the art, such as those methods 
described in the section "Experimental Methods" below. 
[0031] In a further aspect of the present invention, re- 
lated to the method for identifying a compound which is 
a nicotinic receptor agonist, the nicotinic receptor is an 
a7-nicotinic receptor. 

EXPERIMENTAL METHODS 



(a) Xenopus oocyte current recording 

[0032] The Xenopus oocyte has provided a powerful 
means of assessing the function of proteins thought to 30 
be subunits of ligand-gated ion-channels. Injection of 
RNA transcribed from cDN A clones encoding the appro- 
priate receptor subunits, or injection of cDNA in which 
the coding sequence is placed downstream of a promot- 
er, results in the appearance of functional ligand-gated 35 
ion-channels on the surface of the oocyte (see e.g. Boul- 
ter et al. (1987) Proc. Natl. Acad. Sci. U.S.A. 84, 
"7763-7767). 

[0033] Consequently, one convenient technique to 
assess the enhancement of nicotinic efficacy is two- *o 
electrode voltage-clamp recording from Xenopus 
oocytes expressing a7-nicotinic receptors from cRNA. 
[0034] Xenopus iaevis frogs (Xenopus I, Kalamazoo, 
Ml) were anesthetized using 0.15% tricaine. Oocytes 
were removed to OR2 solution (82 mM NaCl, 2.5 mM 
KCl, 5 mM HEPES, 1 .5 mM NaH 2 P0 4 , 1 mM MgCI 2 , 0.1 
mM EDTA; pH 7.4). The oocytes were defolliculatedby 
incubation in 25 ml OR2 containing 0.2% collagenase 
1 A (Sigma) two times for 60 min on a platform vibrating 
at 1 Hz and stored in Leibovitz's L-15 medium (50 jig/ so 
ml gentomycin, 10 Units/ml penicillin, and 10 u.g/ml 
streptomycin). Approximately 50 ng of cRNA was inject- 
ed in each oocyte the following day. cRNA was synthe- 
sised from cDNA using Message Machine (purchased 
from Abion). 55 
[0035] The external recording solution consisted of 90 
mM NaCl, 1 mM KCl, 1 mM MgCI 2 , 1 mM BaCI 2 , 5 mM 
HEPES; pH 7.4. Two-electrode voltage-clamp recording 



was carried out using an Oocyte Clamp amplifier (OC 
725C; Warner Instrument, Hamden, CT). Oocytes were 
impaled with two electrodes of 1-2 Ma tip resistance 
when filled with 3M KCl. Recordings were begun when 

5 membrane potential became stable at potentials nega- 
tive to -20mV (resting membrane potentials are less 
negative when Ba ++ replaces Ca +4 in bathing solutions). 
Membrane potential was clamped at -80 mV. ACh was 
purchased from Sigma. 

10 [0036] Oocytes were continuously perfused (5 ml/ 
min) with recording solution with or without ACh. 
[0037] Current amplitude was measured from base- 
line to peak. EC 50 values, maximal effect, and Hill slopes 
were estimated by fitting the data to the logistic equation 

15 using GraphPad Prism (GraphPad Software, Inc., San 
Diego, CA). 

[0038] Increases in agonist efficacy elicited by a pos- 
itive modulator can be calculated in two ways: 



(1) As percent potentiation of current amplitude 
which is defined as 1 00(l m -lc)/l c where l m is current 
amplitude in the presence of modulator and l c is cur- 
rent in the absence of modulator (Fig. 1). 

(2) As percent potentiation of "area under curve" of 
an agonist trace. Area under the curve is a common 
representation of the total ion flux through the chan- 
nel (Fig. 2). In the example shown in Fig. 2, although 
current amplitude is not increased, area under the 
curve is potentiated roughly 100% over control for 
the duration of the agonist application 

(b) Ca 2+ flux imaging 

[0039] Imaging of Ca 2+ flux through nAChR a7 recep- 
tors transiently expressed in a cell line is another means 
of assaying modulator activity. 

[0040] Cells expressing a7 receptors (for example 
HEK-293 cells or cell cultured neurons) are grown to 
confluence in 96 well plates and loaded with fluo-3, a 
fluorescent calcium indicator. To screen fora7 modula- 
tory activity, the 96 well plate is placed in a fluorescence 
imaging plate reader (FLIPR) and test compounds along 
with an a7 agonist are applied simultaneously to all. 
wells. Receptor activation is measured by calcium influx 
into cells which is quantified by the increase in fluores- 
cence intensity of each well, recorded simultaneously 
by the FLIPR. Amodulatory effect is determined by the 
increase in fluorescence over that of agonist alone. Sim- 
ilarly, to test for nAChR a7 agonist activity, test com- 
pounds along with an a7 modulator are applied simul- 
taneously to all wells. Receptor activation is measured 
by calcium influx into cells which is quantified by the in- 
crease in fluorescence intensity of each well, recorded 
simultaneously by the FLIPR. An agonist effect is deter- 
mined by the increase in fluorescence over that of mod- 
ulator alone. 

[0041] Cell-cultured neurons are prepared according 
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to the following method: Eighteen day old Sprague- 
Dawley rat fetuses (E-18) were asceptically removed 
from the pregnant male, sacrificed, the frontal cortices 
of the brains removed, the menniges stripped, and the 
cleaned cortex placed into cold HBSS. If hippocampus 
was desired, the hippocampus was dissected away 
from the cortex and then placed into cold HBSS. The 
tissues were mechanically dispersed, washed once in 
HBSS (200 g for 30 minutes in 4C) resuspended in a 
modification of Sato's medium supplemented with 
glutamine, antibiotics, potassium chloride, insulin,, 
transferrin, selenium, and 5% heat-inactivated fetal bo- 
vine serum (FBS; endotoxin free) and plated into each 
of a 24-well plate (coated with poly-L-lysine). The wells 
could contain glass coverslips which were also coated 
with PLL. The plates were incubated at 37C in a C0 2 
incubator. After 24 hours the medium was removed, 
fresh medium added, and the cells allowed to grow for 
at least another 11 days, feeding when necessary. 

EXAMPLE 1 

[0042] Changes in efficacy of nicotinic agonists was 
assessed by measuring the combined effects of a nico- 
tinic agonist with test compounds. In general, the proto- 
col consisted of pretreatment with test compound plus 
coapplication of agonist and test compound. 5-hydrox- 
yindole was tested at 500 j^M against a range of con- 
centrations of ACh. ACh was first tested by itself so that 
an EC 50 and maximal response could be determined. 
Then the same concentrations of ACh were applied 
along with 5-OH-indole. The results (Fig. 3) were that 
the maximal response to ACh was increased (maximum 
amplitude increased 2-fold). 

[0043] The effect of 5-OHi (0.5 mM) on "area under 
curve" for saturating concentration of agonist (3 mM 
ACh) was determined. 5-OHi caused a robust increase 
in area under the curve (-400% increase) (Fig. 4). 
[0044] Applied by itself, 5-hydroxyindole did not in- 
duce current in oocytes injected with cRNA for a7 nico- 
tinic receptors. 

EXAMPLE 2 

[0045] The effect of 5-hydroxyindole on various nico- 
tinic agonists was tested. The increase in efficacy af- 
forded by 5-hydroxyindole was seen with all nicotinic ag- 
onists tested, e.g. (-)-Spiro[1-Azabicyclo[2.2.2.]Octane- 
3,5*-Oxazolidine]-2*-One (Fig. 5). Open boxes current 
elicited by ACh (3 mM) with (+) and without (-) modula- 
tor. Solid boxes current elicited by a nicotinic agonist 
designated AR-R 17779 (100 u,M) with (+) and without 
(-) modulator. Modulator in this instance was 1 mM 
5-OHi. 

[0046] Compounds tested with similar results include 
(-)-nicotine and choline (data not shown). Therefore the 
effect appears to be general for any cholinergic agonist. 



EXAMPLE 3 

[0047] The increase in efficacy afforded by 5-hydrox- 
yindole was not seen on any other nicotinic receptors, 
5 e.g. mouse muscle-type nicotinic receptors. 

EXAMPLE 4 

[0048] A series of related compounds were tested for 
io positive modulation on ACh activity. Only a few com- 
pounds retained efficacy enhancing activity. In particu- 
lar, serotonin (5-HT) did not increase efficacy. This pre- 
liminary analysis of close analogues indicates a fairly 
tight structure-activity relationship, suggesting a selec- 
ts tive site of action. 

EXAMPLE 5 

[0049] Effect of nAChR ot7 modulator on agonist ac- 
20 tivity was measured by Ca 2+ flux through nAChR a7 ex- 
pressed in HEK-293 cells. The nicotinic agonist (-)-Spiro 
[1-Azabicyclo[2.2.2.]Octane-3,5*-Oxazolidine]-2*-One, 
was used. The results are shown in Fig. 6. No discern- 
ible signal was obtained in the presence of agonist alone 
25 (no modulator). In the presence of agonist together with 
modulator, a significant increase in agonist activity was 
seen. 



30 Claims 

,1. A pharmaceutical composition comprising a posi- 
tive modulator of a nicotinic receptor agonist togeth- 
er with a pharmaceutical^ acceptable carrier, said 
35 positive modulator having the capability to increase 
the efficacy of a nicotinic receptor agonist, wherein 
said positive modulator is 5-hydroxyindole. 

2. The pharmaceutical composition according to 
40 Claim 1 , additionally comprising a nicotinic receptor 

agonist. 

3. The pharmaceutical composition according to 
Claim 2, wherein said nicotinic receptor agonist is 

45 an a7-nicotinic receptor agonist. 

4. Use of a positive modulator of a nicotinic receptor 
agonist in the manufacture of a medicament for 
treatment of or prophylaxis of a condition associat- 

50 ed with reduced nicotine transmission selected 
from Alzheimer's disease, attention deficit hyperac- 
tivity disorder, schizophrenia, anxiety or nicotine ad- 
diction, wherein said positive modulator is 5-hy- 
droxyindole. 

55 

5. The use according to Claim 4, wherein said medi- 
cament additionally comprises a nicotinic receptor 
agonist. 
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6. The use according to Claim 5, wherein said nicotinic 
receptor agonist is an a7-nicotinic receptor agonist. 



Patentanspriiche 

1. Pharmazeutische Zusammensetzung, enthaltend 
einen positiven Modulator eines nikotinischen Re- 
zeptoragonisten zusammen mit einem pharmazeu- 
tisch unbedenklichen Trager, wobei der positive 
Modulator dazu in der Lage ist, die Wirksamkeit ei- 
nes nikotinischen Rezeptoragonisten zu erhohen, 
wobei es sich bei dem positiven Modulator um 5-Hy- 
droxyindoi handelt. 

2. Pharmazeutische Zusammensetzung nach An- 
spruch 1 , weiterhin enthaltend einen nikotinischen 
Rezeptoragonisten. 

3. Pharmazeutische Zusammensetzung nach An- 
spruch 2, wobei es sich bei dem nikotinischen Re- 
zeptoragonisten um einen a7-nikotinischen Rezep- 
toragonisten handelt. 



tion 2, dans laquelle ledit agoniste de recepteur ni- 
cotinique est un agoniste de recepteur nicotinique 
a7. 

5 4. Utilisation d'un modulateur positif d'un agoniste de 
recepteur nicotinique pour la fabrication d'un medi- 
cament destine au traitement ou a la prophylaxie 
d'un etat pathologique associe a une transmission 
nicotinique reduite, choisi parmi la maladie d'Alzhei- 

10 mer, le trouble d'hyperactivite avec deficit de I'atten- 
tion, la schizophrenie, Panxiete ou la nicotinomanie, 
dans laquelle ledit modulateur positif est le 5-hy- 
droxyindole. 

15 5. Utilisation selon la revendication 4, dans laquelle le- 
dit medicament comprend en outre un agoniste de 
recepteur nicotinique. 

6. Utilisation selon la revendication 5, dans laquelle le- 
20 dit agoniste de recepteur nicotinique est un agonis- 
te de recepteur nicotinique ot7. 



4. Verwendung eines positiven Modulators eines niko- 25 
tinischen Rezeptoragonisten zur Herstellung eines 
Medikaments zur Behandlung bzw. Prophylaxe ei- 
nes mit einer verminderten Nikotinubertragung as- 
soziierten Leidens, ausgewahlt aus Alzheimer- 
Krankheit, hyperkinetischem Syndrom, Schizo- 30 
phrenie, Angstzustanden und Nikotinabhangigkeit, 
wobei es sich bei dem positiven Modulator um 5-Hy- 
droxyindol handelt. 

5. Verwendung nach Anspruch 4, wobei das Medika- 35 
ment weiterhin einen nikotinischen Rezeptoragoni- 
sten enthalt. 

6. Verwendung nach Anspruch 5, wobei es sich bei 
dem nikotinischen Rezeptoragonisten um einen *o 
a7-nikotinischen Rezeptoragonisten handelt. 



R even di cat ions 

45 

1. Composition pharmaceutique comprenant un mo- 
dulateur positif d'un agoniste de recepteur nicotini- 
que conjointement avec un support pharmaceuti- 
quement acceptable, ledit modulateur positif etant 
capable d'augmenter I'efficacite d'un agoniste de 50 
recepteur nicotinique, dans laquelle ledit modula- 
teur positif est le 5-hydroxyindole. 

2. Composition pharmaceutique selon la revendica- 
tion 1 , comprenant en outre un agoniste de recep- 55 
teur nicotinique. 

3. Composition pharmaceutique selon la revendica- 
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ACh Modulator 



lm-Ic 



-100% 
potentiation 



V 



ACh Modulator 



ft 
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Agonist Dose-Response Curves in the Presence and Absence of 5-OH- 

indole 



• ACh 

o ACh+5-OH-indole (1mM) 



Average of 5 oocytes 
from 2 donor frogs 

ECso=206.0nM 

lodoo 




Average of 2 oocytes 
EC 50 =114.0^M 



ACh (mM) 

i ACh =extrapolated max of 
ACh curve 



Mouse nAChR*7 



5n 




ACh (fiM) 



Human nAChR«7 
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Modulation by 5-OH-indole: 1 

Similar Activity on nAChR a7 from Human, Rat and 
Chick Expressed in Oocytes 




ACh (3mM) 



_ peak ACh 

Current amplitude 



-300% potentiation 



/ sec 




ACh (3mM) 



Chick <x7 




peak ACh 
Current amplitude 



ACh (3mM) 
+ 

5-OH (2mM) 




-290% potentiation 
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Effect of 5-OH-indole on ACh 
and AR-R17779-gated Current 




(200 hM) 



+ - + 

All responses normalized to 
current amplitude elicited 
by 3mM ACh 



Calcium Influx in a7-HEK293 




x DMSO Control 

• 0.3 mM 5-OH-lndole 

o 1 mM 5-OH-lndole 



log [M] AR-R 17779 
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